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[Title of the Invention] METHOD OF MANUFACTURING LIQUID 

CRYSTAL PANEL 
[Abstract] 

[Object] To provide a drop injection method which 
obviates the oozing, out of an uncured seal into. liquid 
crystals in a sealing process, suppresses the leakage of the 
seal by preventing the uncured seal from being eroded by the 
liquid crystals, and does not deteriorate, the liquid 
crystals by the irradiation with ultraviolet rays for the 
purpose of curing the seal. 

[Solving Means] The drop injection method comprises 
applying a sealant 2 in a frame shape on a first substrate 1 
to form the main seal, dropping the liquid crystals 3 into 
the display region of the first substrate 1, bonding a 
second substrate 5 to the first substrate 1 in vacuum, 
restoring the two substrates to the atmosphere pressure, and 
then injecting the liquid crystals into the substrates. At 
this time, a panel gap is formed after curing the sealant by 
using a thermoplastic light (ultraviolet rays) setting resin 
having a glass transition point between the room temperature 
and the N-I transition temperature of the liquid crystals 
for the main seal, whereby while the main seal is uncured, 
the liquid crystals. 3 come in contact with the main seal due 
to its diffusion, and thus the uncured seal is prevented 
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from being, oozed into the liquid crystals 3, from being 
eroded by the liquid crystals, or the liquid crystals 3 are 
prevented from being deteriorated by the irradiation of the 
ultraviolet rays for the purpose of curing the seal. 

[Claims] 

[Claim 1] A method of. manufacturing a liquid crystal 
panel comprising the steps of bonding a substrate in which a 
main seal is formed and liquid crystals are dropped within a 
display area in advance and its counter substrate to each 
other in vacuum, returning, the substrates to an atmosphere 
pressure, and then injecting liquid crystals, the method 
comprising the step: 

forming a panel gap after curing the seal by using a 
thermoplastic light-curing resin having a glass transition 
point between the room temperature and the N-I transition 
temperature of the liquid crystals for the main seal. 

[Claim 2] The method according to claim 1, further 
comprising the step of curing the seal before the liquid 
crystals reach the main seal by light-curing the seal in 
vacuum. 

[Claim 3] The method according to claim 1, further 
comprising the step of processing the substrates while 
heating them to the glass transition point or more of the 
seal on a pair of flat hot plates as a process of forming a 
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panel gap after the seal is cured. 

[Claim 4] The method according to claim 1, further 
comprising the step of pressing one substrate while heating 
the substrate to the glass transition point or more of the 
seal and the N-I transition temperature or more of the 
liquid crystals on a pair of flat hot plates as a process of 
forming a panel gap after the seal is cured. 

[Claim 5] The method according to claim 1, further 
comprising the step of accurately positioning the substrates 
on the hot plate heated to the same temperature as the other 
hot plate after a process of forming a panel gap. 

[Claim 6] The method according to claim 1, further 
comprising the step of preventing the substrates from being 
deformed due to heat after the substrates are formed to a 
panel by fixing the circumference of a panel with a resin 
having the glass transition point higher than that of the 
main seal after a process of forming a panel gap. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a drop injection 

method which does not require an injection port for 

simplifying a liquid crystal injection process. By using a 

light-curing sealant having thermoplasticity as a. main seal, 
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after the sealant is cured/ liquid crystals are scattered 
and a panel gap is. formed, and thus a liquid crystal panel 
having no misalignment thereof around the seal is obtained. 

[0002] 

[Description of the Related Art] 

In a conventional drop injection method, after a panel 

gap is formed, the substrates are positioned, and then the 

seal is cured. However, because dissolution of an uncured 

sealant with liquid crystals or damage of liquid crystals 

due to the irradiation of ultraviolet rays in a case where 

an ultraviolet-ray setting resin is used, a panel is 

misaligned at the seal. Further, a method (Japanese 

Unexamined Patent Application Publication No. H4-60518) in 

which two seals are used and an inner seal thereof is made 

of a resin which is inactive to liquid crystals is suggested, 

but in the method, because the seal area is enlarged, a 

ratio of an outer frame size to a display area is increased. 

[0003] 

Figs. 4(A) and 4(B) are perspective views illustrating 
processes of a conventional liquid crystal dropping method. 
In the figure, a reference numeral 21 denotes a first 
substrate, a reference numeral 22 denotes a sealant, a 
reference numeral 23 denotes a liquid crystal,, a reference 
numeral 24 denotes a second substrate, a reference numeral 
25 denotes an adhesion spacer, a reference numeral 26 
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denotes a lower stage, a reference numeral 27 denotes a 
guide, a reference numeral 28 denotes an upper stage, a 
reference numeral 29 denotes a guide, and a reference 
numeral 30 denotes a support, 

[0004] 

A method of manufacturing a conventional liquid crystal 
panel will be described with reference to Figs. 4(A) and 
4(B). First, the sealant 22 made of a light-curing resin is 
applied in a frame shape to the first substrate 21 and 
liquid crystals 23 are uniformly dropped within the frame by 
a necessary amount depending on the cell thickness. Further 
the adhesion spacers 25 are scattered and fixed by the heat 
to the second substrate 24. 

[0005] 

The first substrate 21 is fixed by the guide 27 on the 
lower stage 2 6 within a vacuum chamber and the second 
substrate 24 is positioned by the guide 29 on the upper 
stage 28 and is supported over the first substrate 21 by the 
support 30. (see Fig. 4(A)) 

[0006] 

In a vacuum state, the lower stage 26 is raised after 
the support 30 is removed. After the first substrate 21 and 
the second substrate 24 are bonded to each other, they are 
pressed with an atmosphere pressure or a panel gap is formed 
by a press. Further, after the gap is formed, the 
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substrates are positioned and the seal is cured by heat or 
light. (see Fig. 4 (B) ) 
[0007] 

[Problems to be Solved by the Invention] 

Fig. 5(A) and 5(B) are perspective views illustrating a 

method of manufacturing a liquid crystal panel according to 

a conventional liquid crystal dropping method. In the 

figure, a reference numeral 31 denotes a first substrate, a 

reference numeral 32 denotes a second substrate, a reference 

numeral 33 denotes a liquid crystal, and a reference numeral 

34 denotes a seal. 

[0008] 

Problem 1 (see Fig. 5(A)) 

Until the seal 34 made of a ultraviolet-ray setting 
resin around liquid crystals 33 which is inserted between 
the first substrate 31 and the second substrate 32 is cured 
in a short time, the liquid crystals 33 are irradiated by 
ultraviolet rays with covered with a shielding mask 35 and 
cured, but the ultraviolet rays are irradiated even to the 
liquid crystals 33 in a border surface of the seal 34 due to 
the rotation of light and the liquid crystals 33 are 
deteriorated. 
[0009] 

Problem 2 (see Fig. 5(B)) 

Because the seal 34 is cured after a panel gap is 
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formed, the liquid crystals 33 are contaminated by the 
uncured seal 34 or leaked by the erosion of the sealant 34. 
[0010] 

The present invention is to solve the above-mentioned 
problem, and an object of the present invention is to 
provide a drop injection method which can suppress the 
leakage of the seal and does not deteriorate the liquid 
crystals by the irradiation of ultraviolet rays for curing 
the seal by obviating the oozing out of an uncured seal into 
liquid crystals in a sealing process and preventing the 
erosion of the uncured seal by the liquid crystals. 

[0011] 

[Means for Solving the Problems] 

Figs. 1(A) and 1(B) are perspective views illustrating 

a method of manufacturing a liquid crystal panel according 

to the present invention. In the figure, a reference 

numeral 1 denotes a first substrate, a reference numeral 2 

denotes a sealant, a reference numeral 3 denotes a liquid 

crystal, a reference numeral 5 denotes a second substrate, a 

reference numeral 6 denotes an adhesion spacer, a reference 

numeral 7 denotes a lower stage, a reference numeral 8 

denotes a guide, a reference numeral 13 denotes an 

ultraviolet-ray source, reference numerals 14 and 16 denote 

a hot plate, a reference numeral 15 denotes a guide, and a 

reference numeral VC denotes a vacuum chamber. Further, 
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reference numerals in the figure are the same as those of 
Figs. 2 and 3 and thus the elements are omitted. 

[0012] 

A method of manufacturing a liquid crystal panel 
according to the present invention will be described with 
reference to Figs. 1(A) and 1(B). First, the sealant 2 made, 
of a light-curing resin is applied in a frame shape to the 
first substrate 1 and liquid crystals 3 are uniformly 
dropped within the frame by a necessary amount depending on 
the cell thickness. Further, the adhesion spacers 6 aire 
scattered and fixed by the heat to the second substrate 5. 

[0013] 

The first substrate 1 is fixed by the guide 8 on the 
lower stage 7 within a vacuum chamber, the second substrate 
5 is positioned over the first substrate 1. and in a vacuum 
state, and the first substrate 1 and the second substrate 5 
are bonded to each other by raising the lower stage 7. 

[0014] 

The lower stage 7 is raised up to a gap in which the 
seal is fully pressed while the first substrate 1 and the 
second substrate 5 are positioned in a position setting mark 
and the sealant 2 is cured by irradiating ultraviolet rays 
to the seal with an ultraviolet-ray source 13, and then the 
vacuum chamber VC is opened to an atmosphere pressure, (see 
Fig. 1(A)) 
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[0015] 

Next, the bonded first substrate 1 and the second 
substrate 5 are fixed by the guide 15 on the heated hot 
plate 14 and placed under the other hot plate 16 heated to 
the same temperature. Because the liquid crystals 3 heated 
to the N-I transition temperature or more by the hot plate 
14 and 16 become isotropic liquid due to depreciation of the 
viscosity, it is possible to prevent disclination of the 
liquid crystals 3 from being generated when they are 
injected- Further, by pressing the sealant 2 while heating 
it to the glass transition point or more, the deformation of 
the sealant 2 is mitigated at light curing and thus it is 
possible, to heighten the adhesion strength thereof. 

[0016] 

After a gap is formed between the first substrate 1 and 
the second substrate 5, the first substrate 1 and the second 
substrate 5 bonded to each other are fixed on the hot press 
or the hot plate heated to the same temperature as the hot 
press, an accurately positioned, and the bonded first 
substrate 1 and second substrate 5 are slowly cooled to the 
room temperature. Further, an ultraviolet-ray curing resin 
having a glass transition point higher than that of the main 
seal made of the sealant 2 is applied to the circumference 
of a panel and the panel may be doubly fixed by irradiating 
ultraviolet rays, (see Fig. 1(B)) 
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[0017] 

According to the present invention having the above 
processes, in a drop injection method of bonding a substrate 
in which a main seal is formed and liquid crystals are 
dropped within a display area in advance and its counter 
substrate to each other in vacuum and returning the 
substrates to an atmosphere pressure, and then injecting 
liquid crystals, by forming a panel gap after curing the 
seal by using a thermoplastic light-curing resin having a 
glass transition point between the room temperature and the 
N-I transition temperature of the liquid crystals for the 
main seal, the seal can be light-cured before the liquid 
crystals reach the sealant after bonding the substrates to 
each other and a panel gap can be formed by the hot press 
after the substrates are opened to an atmosphere pressure, 
so that the uncured sealant does not come in contact with 
the liquid crystals and the liquid crystals are not 
deteriorated by the irradiation of light (ultraviolet ray) . 
[0018] 

Further, when the seal is cured by light in vacuum, the 
liquid crystals are prevented from being scattered to the 
sealant, and the seal can be cured before the liquid 
crystals reach the main seal. 

[0019] 

Further, as a process of forming a panel gap after 
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curing the seal, by processing the substrates while heating 
them to the glass transition point or more of the seal on a 
pair of flat hot plates, a entire panel can be parallely 
pressed and the liquid crystals can be scattered on the 
substrate surface by forming a panel gap on. a pair of hot 
plates (hot press), so that it is possible to enhance a 
bonding property to the substrate of the seal without curing 
distortion the seal. 
[0020] 

Further, as ai process of forming a panel gap after 
curing the seal, by pressing one substrate while heating the 
substrate to the glass transition point or more of the seal 
and the N-I transition temperature or more of the liquid 
crystals on a pair of flat hot plates, it is possible to 
prevent disclination of the liquid crystals from being 
generated by mitigating the alignment regulation force in a 
scattering direction of the liquid crystals. 

[0021] 

Further, after a process of forming a panel gap, by 
accurately positioning the substrates on the hot plate 
heated to the same temperature as the other hot plate, the 
substrates can be moved with small friction force, so that 
it is possible to reduce a load applied to the seal or 
spacers. 

[0022] 
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Further, after a process of forming a panel gap, it is 
possible to prevent the substrates from being deformed due 
to heat after the substrates are formed to a panel by fixing 
the circumference of a panel with a resin having the glass 
transition point higher than that of the main seal. 

[0023] 

According to the method of manufacturing a liquid 
crystal panel of the present invention, in the dropping 
injection method, the uncured seal does not come in contact 
with the liquid crystals, and light (ultraviolet rays) is 
not irradiated to the liquid crystals, and thus the 
following effects can be obtained. 

1. Because the uncured seal is not oozed into the 
liquid crystals, the sealant is not misaligned. 

2 . Because the uncured seal is not eroded by the liquid 
crystals, the seal is prevented from being leaking. 

3. Because the ultraviolet rays are irradiated to only 
the seal, the liquid crystals are not depreciated. 

[0024] 

[Embodiments] 

Hereinafter, an embodiment of the present invention 
will be described. Figs. 2(A) to 2(D) and Figs. 3(E) to 3(G) 
are perspective views illustrating processes of a liquid 
crystal dropping method according to an embodiment of the 
present invention. In the figures, a reference numeral 1 
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denotes a first substrate, a reference numeral denotes 2 
denotes a sealant, a reference numeral 3 denotes a liquid 
crystal, a reference numeral 4 denotes a dispenser, a 
reference numeral 5 denotes a second substrate, a reference 
numeral 6 denotes an adhesion spacer, a reference numeral 7 
denotes a lower stage, a reference numeral 8 denotes a guide 
a reference numeral 9 denotes an upper stage, a reference 
numeral 10 denotes a support, a reference numeral 11 denotes 
a CCD camera, a reference numeral 12 denotes a guide, a 
reference numeral 13 denotes an ultraviolet-ray source, a 
reference numeral 14 denotes a hot plate, a reference 
numeral 15 denotes a guide, a reference numeral 16 denotes a 
hot plate, reference numerals 17 and 18 denote a hot press, 
a reference numeral 19 denotes a CCD camera, and a reference 
numeral 20 denotes an ultraviolet-ray curing resin. A panel 
forming process after forming the seal in a liquid crystal 
dropping method according to an embodiment of the present 
invention will be described with reference to Figs. 2(A) to 
2(D) and Figs. 3(E) to 3 (G) . 
[0025] 

First Process (see Fig. 2(A)) 

The sealant 2 (made by Luxtrak, a glass transition 
point of 59°C) made of a light-curing resin is applied in a 
frame shape to the first substrate 1 by a dispenser (not 
shown) and liquid crystals 3 (made by Merck, ZLI-4792, N-I 
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transition temperature of 91°C) are uniformly dropped within 
the frame by a necessary amount depending on the cell 
thickness by the dispenser 4 having an electronic control 
valve. 

[0026] 

Second Process (see Fig. 2(B)) 

The adhesion spacers 6 (made by Hayakawa Rubber, a 
diameter of 5.0nm, melting at the temperature of 150°C) are 
scattered in the second substrate 5 and fixed to the 
substrate 5 by heating for 1 hour at the temperature of 

150°C. 

[0027] 

Third Process (see Fig. 2(C)) 

The first substrate 1 is fixed by the guide 8 in the 

lower stage 7 within a vacuum chamber and the second 

substrate 5 is supported over the first substrate 1 by the ' 

support 10 in the upper stage 9 and positioned by the guide 

12 while watching by the CCD camera 11. In a vacuum state, 

after the support 10 is removed and the lower stage 7 is 

raised and then the first substrate 21. and the second 

substrate 24 are bonded to each other. 
[0028] 

Fourth Process (see Fig. 2(D)) 

The lower stage 7 is raised up to a gap (up to lOpm) in 
which the seal is fully pressed while the first substrate 1 
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and the second substrate 5 are positioned in a position 
setting mark thereof and the sealant 2 is cured by 
irradiating ultraviolet rays to the seal with an 
ultraviolet-ray source 13. After the sealant 2 is cured, 
the guide 12 supporting the second substrate 5 is taken out 
and the vacuum chamber is opened to an atmosphere pressure. 
[0029] , 

Fifth Process (see Fig. 3(E)) 

The bonded first substrate 1 and second substrate 5 are 
fixed by the guide 15 on the hot plate 14 heated to the 
temperature of 100°C and are placed under the other hot 
plate 16 heated to the same temperature as the hot plate 14. 
Because the liquid crystals 3 heated to the N-I transition 
temperature or more by the hot plates 14 and 16 become 
isotropic liquid due to depreciation of the viscosity, it is 
possible to prevent disclination of the liquid crystals 3 
from being generated when they are injected. Further, by 
pressing the sealant 2 while heating it to the glass 
transition temperature or more, the deformation of the 
sealant 2 is mitigated at light curing and thus it is 
possible to heighten the adhesion strength thereof. The 
liquid crystals 3 are uniformly scattered within the panel 
surface to form a uniform panel gap through the process. 

[0030] 

Sixth Process (see Fig. 3(F)) 
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After a gap is formed between the first substrate 1 and 
the second substrate 5, the bonded first substrate 1 and 
second substrate 5 are fixed on the hot presses 17 and 18 or 
on the hot plate heated to the same temperature as the hot 
presses 17 and 18 and two substrates are accurately 
positioned by the CCD camera. 
[0031] 

Seventh Process (see Fig. 3(G)) 

After the bonded first substrate 1 and second substrate 
5 are slowly cooled to the room temperature, the second 
substrate 5 is cut by a scribe break in a panel size. 
Further, an ultraviolet-ray curing resin 20 (made by three 

bond, a glass transition point of 140°C) having a glass 
transition point higher than that of the main seal made of 
the sealant 2 is applied to the circumference of a panel and 
the- panel may be doubly fixed by irradiating ultraviolet 
rays. 

[0032] 
[Advantage] 

As described above, according to a method of 
manufacturing a liquid crystal panel of the present 
invention, it is possible to prevent misalignment of the 
panel around the seal because a panel gap is formed by 
scattering the liquid crystals to the sealant after curing 
the seal and to obtain an uniformly aligned panel because 
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the panel gap is formed while heating the two substrates. 
[Brief Description of the Drawings] 
[Fig. 1] 

Figs. 1(A) and 1(B) are perspective views illustrating 
a method of manufacturing a liquid crystal panel according 
to the present invention. 
[Fig. 2] 

Figs. 2(A) to 2(D) are perspective views illustrating 
processes of a liquid crystal dropping method according to 
an embodiment of the present invention. 

[Fig. 3] 

Figs. 3(E) to 3(G) are perspective views illustrating 
processes of a liquid crystal dropping method according to 
an embodiment of the present invention. 
[Fig. 4] 

Figs. 4(A) and 4(B) are perspective views illustrating 
processes of a conventional liquid crystal dropping method. 
[Fig. 5] 

Fig. 5(A) and 5(B) are perspective views illustrating a 
method of manufacturing a liquid crystal panel according to 
a conventional liquid crystal dropping method.' 
[Reference Numerals] 

1: first substrate 

2: sealant 

3: liquid crystal 
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4 



dispenser 



5 



second substrate . 



6 



adhesion spacer 



7 



lower stage 



8 : guide 

9: upper stage 

10 : support 

11: CCD camera 

12: guide 

13: ultraviolet-ray source 

14 : hot plate 

15: guide 

16: hot plate 

17, 18 : hot press 

19: CCD camera 

20: ultraviolet-ray curing resin 

VC: vacuum chamber 
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